1.
Observations from space over the past 50 years have fundamentally transformed the way people view the Earth. The image of the "blue marble" is taken for granted now, but it was revolutionary when it was taken in 1972 by the crew on Apollo 17. Since then, the capability to look at Earth from space has grown increasingly sophisticated as space observations evolved from simple photographs to quantitative measurements of properties such as temperature, concentrations of atmospheric gases, and the exact elevation of land and ocean.
2.
The global view from satellite observations is unmatched in its ability to resolve the dynamics and variability of Earth processes. Ship-based observations, for example, cannot provide spatial coverage frequently enough to detect the dynamic nature of the ocean. Similarly, aircraft and weather balloon measurements alone cannot resolve the details required to understand the complex dynamics of ozone depletion. Satellite observations have not only transformed the Earth sciences-vastly more accurate global observations and consequently improved predictability of Earth processes also provide profound social benefits. From revolutionizing the ability to predict weather to enabling the development of the Global Positioning System, satellites have become essential to everyday applications that improve human safety and the quality of life.
Scientific Accomplishments Resulting from Satellite Observations

3.
Satellite observations have enabled Earth scientists to address fundamental questions ranging from atmospheric circulations and composition to the role of aerosols in climate, year-toyear variability in sea ice, the role of the ocean in climate change, and the convection of the First image of the Earth from space, taken in 1972 from the Apollo 17
Earth's crust. Many of these scientific advances have direct societal applications. a selection of these is described below:-• Weather Imagery and Forecasting: Some of the most broadly used products from satellites are weather observations that enable forecasts. Since satellite images have become readily available, no hurricane or typhoon has gone undetected, providing affected coastal areas with advance warning and crucial time to prepare. Decades of satellite observations have enabled scientists to address fundamental questions about weather and climate. Satellite observations yield continually updated knowledge of the state of the atmosphere, helping meteorologists to devise models that project the weather into the future with much improved accuracy compared to pre-satellite forecasts. Consequently, 7-day forecasts have more than doubled in accuracy over the past three decades, particularly in the southern hemisphere. These improvements are saving countless human lives and have an enormous economic value.
• Tracking Pollution and Monitoring Ozone Depletion: As a result of satellitebased observations, pollution is now viewed as a global, not a local, phenomenon. Information from satellites provides crucial data to inform models of pollution dynamics and helps scientists predict changes in the atmospheric composition with greater confidence. For example, satellites have been used to monitor the atmosphere's ozone layer, which blocks damaging ultraviolet light from reaching the Earth's surface. Satellite observations from the Nimbus series in the 1980s provided the first global maps of ozone depletion caused by the release of manmade chlorine and bromine-containing compounds. These observations became critical to the development of the Montreal Protocol, an international agreement designed to phase out ozone-destroying compounds. Satellite observations continue to track the size and depth of the Antarctic ozone hole and the more subtle, but dangerous, losses of ozone over heavily populated regions. Recent satellite observations show a decrease in chlorine-containing gases and the apparent beginning of an ozone recovery in some areas, yielding increased confidence that the Montreal Protocol is indeed achieving its goal.
• The Global Positioning System: The development of the Global Positioning System (GPS), which provides location information accurate to the centimeter or better even in remote areas, is another transformative advance enabled by satellite observations. Inexpensive GPS receivers are now taken for granted by consumers who are rapidly becoming accustomed to GPS-based navigation on the road, on the water, or in the air. These technologies rely on an enormous body of fundamental science developed over the past decades, including accurate position information of satellites, very stable clocks, and well-calibrated atmospheric corrections. Climate Science: Many scientific advances presented in the report directly contribute to the improved understanding of the Earth's climate system. For example, current understanding of climate change has been improved by basic satellite-based research on sea surface temperature, ice sheet flows, the El Niño-Southern Oscillation, and Earth's carbon cycle and energy fluctuations. Research on ice sheet flows provides an example of how satellites have enabled major advances in the study of climate. Before satellites, it was assumed that the mass of the ice sheets in Antarctica and Greenland was controlled by the difference between ice melting and accumulation rates and that the rate of ice discharge into the ocean was constant. Satellite radar images from RADARSAT, however, transformed this view, revealing dynamic variability in ice sheets and showing how ice is discharged into the ocean through complex networks of ice streams.
Furthermore, data from satellites revealed that the rate of ice stream flow toward the sea increases measurably in response to climate change, which could result in a significant rise in sea level. The collapse of Antarctica's Larsen B Ice Shelf in 2002-captured by frequent satellite observations-dramatically illustrated this dynamic on astonishingly short time scales.
(A cross-sectional view of Hurricane Katrina, as observed from the satellite TRMM)
•
Another important contribution to climate science was made by the Advanced Very High Resolution Radiometer, which has provided long-term records of many parameters important to the climate system. For example, the sea surface temperature record elucidated the role of the ocean in climate variability such as El Niño. and the observed rise in sea surface temperature has provided critical evidence for global warming. These and other satellite observations have advanced understanding of the climate system and dramatically improved climate models.
• Monitoring Agricultural Lands: Satellite observations are also used to detect changes in land-cover, which can have major societal benefits. Scientists first applied satellite information to monitor and forecast the productivity of large-area crops in the 1970s. Since then, federal agencies have routinely used satellite imagery offered by the Landsat series and other missions in crop commodity forecasting. A particularly noteworthy application of satellite data is the Famine Early Warning System Network, which was initially set up in Sub-Saharan Africa and now operates in other arid environments of the developing world. This system uses satellite images in conjunction with ground-based information to predict and mitigate famines.
• Realizing the Potential of Earth Observations from Space: Over the past 50 years, Earth observations from space have accelerated the cross-disciplinary integration of analysis, interpretation, and ultimately, understanding of dynamic processes that govern the planet. The next decades will likely build on this momentum to bring more remarkable discoveries and an increased capability to predict Earth processes to better protect human lives and property. Although many past scientific accomplishments from satellite observations have led to important societal benefits, it is important to recognize the basic, fundamental observations and research behind the work that enabled the development of practical applications. Realizing the potential of Earth observations from space will require a renewed national and international commitment to Earth satellite missions and continued support for the fundamental research challenges in this fertile area of science. The critical infrastructure to make the best use of satellite data has taken decades to build and is now in place. the scientific community is poised to make great progress toward understanding and predicting the complexity of the Earth system. However, the current capability to observe Earth from space is in jeopardy. Resources will be required to maintain the current momentum and ensure the workforce and infrastructure built over the past decades remains in place.
• Training and Maintaining the Required Workforce: A trained workforce is needed to develop tools to analyze and interpret satellite observations. Training and maintaining this workforce is possible only if the data are continuously accessible to the broad scientific community. for this reason, open access to satellite data is crucial. As NASA's data policy has demonstrated, providing open and free access to global data to an international audience creates a more interdisciplinary and integrated Earth science community. International data sharing and collaborations on satellite missions also lessens the burden on individual nations to maintain Earth observational capacities.
• Maximizing the Utility of Instruments and Infrastructure: The value of satellite observations from space and their potential to benefit society can increase dramatically as instruments become more accurate. In addition, essential infrastructure, such as models, computing facilities, and ground networks, are required to validate and maximize the utility of satellite data. For this reason, multiple, synergistic observations, including orbital, suborbital, and in situ measurements, linked with the best models available, should be employed and supported. Furthermore, the length and continuity of a given data record often yields additional scientific benefits beyond the initial research results of the mission and beyond the monitoring implications for operational agencies. Follow-on missions are especially valuable, as the value of the data increases significantly with seamless and intercalibrated time series. Longer data sets also often increase the value of historical pre-satellite data sets and are required to quantitatively assess global change.
The Global Earth Observation System of Systems (GEOSS)
(10-Year Implementation Plan)
4.
Purpose and Scope of GEOSS: The purpose of GEOSS is to achieve comprehensive, coordinated and sustained observations of the Earth system, in order to improve monitoring of the state of the Earth, increase understanding of Earth processes, and enhance prediction of the behavior of the Earth system. GEOSS will meet the need for timely, quality long-term global information as a basis for sound decision making, and will enhance delivery of benefits to society in the following initial areas:
• Reducing loss of life and property from natural and human-induced disasters.
• Understanding environmental factors affecting human health and well-being.
• Improving management of energy resources.
• Understanding, assessing, predicting, mitigating, and adapting to climate variability and change.
• Improving water resource management through better understanding of the water cycle.
• Improving weather information, forecasting, and warning.
• Improving the management and protection of terrestrial, coastal, and marine ecosystems.
• Supporting sustainable agriculture and combating desertification.
• Understanding, monitoring, and conserving biodiversity.
GEOSS is a step toward addressing the challenges articulated by United Nations Millennium Declaration and the 2002 World Summit on Sustainable Development, including the achievement of the Millennium Development Goals. GEOSS will also further the implementation of international environmental treaty obligations.
Group on Earth Observations (GEO)
5. Membership in GEO is open to all member States of the United Nations and to the European Commission. GEO welcomes, as Participating Organizations, intergovernmental, international, and regional organizations with a mandate in Earth observation or related activities, subject to approval by GEO Members. GEO may invite other relevant entities to participate in its activities as observers. The benefits of GEOSS will be realized globally by a broad range of user communities, including managers and policy makers in the targeted societal benefit areas, scientific researchers and engineers, civil society, governmental and nongovernmental organizations and international bodies, such as those assisting with the implementation of multilateral environmental agreements. Engagement of users in developing countries will maximize their opportunities to derive benefits from GEOSS.
6.
GEO will perform a coordination role to address the adequacy, efficiency, and integrative way user requirements are being met and transmit recommendations for improvements to the relevant contributing systems. The needs of users, and the technical solutions to those needs, change with time. GEO will organize regular GEOSS User Fora among and within societal benefit areas or sub-areas, making use of user communities where they exist and catalyzing the formation of new ones where they do not. It will also create an appropriate mechanism for coordinating user requirements across societal benefit areas. The function of the User Fora will be to document and review user requirements, assess the extent to which they are being met, and make recommendations to GEO with the objective of improving the delivery of information appropriate to user needs.
Technical Approach, Capacity Building, and Outreach
7.
GEOSS, collectively, has several functional components:
• To address identified common user requirements.
•
To acquire observational data.
To process data into useful products.
To exchange, disseminate, and archive shared data, met-data, and products. and,
To monitor performance against the defined requirements and intended benefits.
GEO will employ a range of methods to advance the implementation of the Plan, tailoring them as required to address each of the various implementation issues. The methods will include: establishment of standing and specific task-oriented GEOSS structures. Referring specific tasks to participating international organizations or agencies. Coordinating and cooperating with national agencies. collaboration between international organizations. Providing a forum for dialogue and resolution of issues at varying levels from Ministerial and senior official levels to scientific and technical levels. and advocacy within and across existing systems and other mechanisms.
8. GEOSS will be based on existing observing, data processing, data exchange and dissemination systems, while fostering and accommodating new systems operated by GEO Members and Participating Organizations, as needs and capabilities develop. The technical commitments of a GEO Member or Participating Organization will apply only to those contributions that they have identified. Long-term continuity of existing observations is required. In addition, activities to facilitate research, capacity building, and outreach will be carried out and coordination focal points will be provided. The utilization of new technologies and knowhow will be carried out in accordance with international and national legislations.
Architecture and Interoperability
9.
The success of GEOSS will depend on data and information providers accepting and implementing a set of interoperability arrangements, including technical specifications for collecting, processing, storing, and disseminating shared data, met-data, and products. GEOSS interoperability will be based on non-proprietary standards, with preference to formal international standards. Interoperability will be focused on interfaces, defining only how system components interface with each other and thereby minimizing any impact on affected systems other than where such affected systems have interfaces to the shared architecture. For those observations and products contributed and shared, GEOSS implementation will facilitate their recording and storage in clearly defined formats, with metadata and quality indications to enable search, retrieval, and archiving as accessible data sets.
10.
GEO will establish, within 2 years, a process for reaching, maintaining, and upgrading GEOSS interoperability arrangements, informed by ongoing dialogue with major international programs and consortia. That process is to be sensitive to technology disparities among GEO Members and Participating Organizations. Attention is drawn to the importance of using existing international standards organizations and institutes as a focal point for the GEOSS interoperability objectives as they relate to and use standards. For the most commonly used open standard interfaces, the GEOSS process will advocate some implementations to have no restrictions on being modified freely, commonly known as "open source" software.
11.
To enable implementation of the GEOSS architecture, GEOSS will draw on existing Spatial Data Infrastructure (SDI) components as institutional and technical precedents in areas such as geodetic reference frames, common geographic data, and standard protocols. GEO Members and Participating Organizations and their contributions will be catalogued in a publicly accessible, network-distributed clearinghouse maintained collectively under GEOSS. The catalogue will itself be subject to GEOSS interoperability specifications, including the standard search service and geospatial services.
Organizational Structure
12.
The Secretariat, led by the Director, will facilitate and support GEO activities. The Secretariat will consist of co-located, well-qualified, professional and administrative staff. GEO, comprising the Members and Participating Organizations, is established on a voluntary and legally non-binding basis, with voluntary contributions to support activities. GEO will meet in plenary at least annually at the senior-official level, and periodically at the Ministerial level. GEO will take decisions by consensus of its Members. Decisions on implementation of the Plan will be based upon sound scientific and technical advice obtained through appropriate consultation with the research and observation communities. To support its work, the GEO plenary will establish:
• An elected executive committee.
• Subsidiary bodies as appropriate, including science and technical advisory mechanisms.
• A Secretariat.
Funding of GEOSS
13.
The total cost for implementing GEOSS will be significant, but only limited resources will need to be provided through GEO. Most of the resources will be provided through existing national and international mechanisms, and by voluntary contributions to special projects. Unless otherwise agreed, any costs arising from GEO activities will be borne by the Member or Participating Organization that incurs them and will be subject to the availability of funds, personnel, or other resources. Members and Participating Organizations may make voluntary financial or other contributions for GEO activities, including the baseline activities of the Secretariat, through a trust fund to be administered by the Secretariat. Other entities may make contributions to finance specific activities approved by GEO.
GMES: an Environmental Intelligence System
14.
GMES (Global monitoring for environment and security) was set up by ESA and the European Commission. The objective is to coordinate space programmes and non-space based Earth observation and environmental observation to build a complete decision support system for public and private use, with the capability of acquiring, processing, interpreting and distributing all useful information relating to the environment, disaster risks and natural resources. Ongoing, comprehensive and continuous environmental data collection must be the first objective of GMES, given that analysis and understanding of the environment and its interaction with human society are only possible on the basis of long-duration observation. This will make it possible to identify what processes are responsible for the gradual deterioration of resources and the global environment, and to produce sophisticated forecasting models able to take into account natural processes and human choices on matters such as energy supplies, industry and agriculture, landuse planning and urbanization, and, most importantly, society's future needs and growth capacity.
15.
Reducing uncertainties, making forecasts and managing the planet are other objectives of GMES. The big unknowns in climate change at present are the role played by clouds and aerosols, exchanges between the ocean and the atmosphere, carbon sources and carbon sinks, the effects of changing land use, the role of the polar ice-caps and, crucially, the effects of complex coupling in the "climate machine" between different types of atmospheric pollution, between changes to the ozone layer and the greenhouse effect. As for natural disasters, while the past decade has seen encouraging advances, considerably uncertainty remains, particularly on the mechanisms that trigger them and those that govern the response of the environment, and on the impact human activity has on those mechanisms.
Summary
16.
Environmental monitoring, hazards mitigation, sustainable development and resources management is beginning to take benefit from Earth Observation as an information source. The requirements in these domains materialize from a wide range of institutional entities at national and international level. With the GMES initiative in Europe, and similar ones in other countries, we see the need for integrated operational information services to support public policies more widely recognized. Like scientific programs, these services would certainly benefit from a smoother and more integrated access to data from a wider range of satellite resources: Global transparency!
17.
We believe that the fostering of Earth Observation requires the development of an integrated, transparent and user-friendly infrastructure to access information from all satellites. In this new paradigm, easy and inexpensive access to Earth Observation data is seen as the critical element and should be granted to any partner willing and capable of developing innovative science, new applications or commercial services. In the long term, the benefits for society of this paradigm will greatly compensate for the short-term drawbacks.
